S
olitons are central objects of nonlinear science, and the wellknown envelope solitons of the nonlinear Schrödinger equation (NLSE) have been extensively studied in many different physical systems. In addition to envelope solitons that propagate unchanged over long distances, mathematical analysis of the NLSE reveals many other classes of localized solutions. There has been particular interest in the properties of one particular structure first predicted to exist over 25 years ago, known as the Peregrine soliton. 1 In contrast to other solitons, the Peregrine soliton is localized in both time and space, appearing out of nowhere and sucking energy from a constant background to grow to high intensity before decaying just as rapidly back to its initial state. This explode and decay behavior (a) is so remarkable that links between the NLSE and the equations of hydrodynamics have actually led the Peregrine soliton to be proposed as a prototype of the infamous giant rogue waves on the ocean. 2 Surprisingly, despite this evident importance and long history in nonlinear wave theory, it was only during 2010 and 2011 that the existence of the Peregrine soliton was experimentally confirmed. 3 Our first step was to perform numerical and analytical studies to determine conditions under which a Peregrine soliton could be excited experimentally. The design is simple in principle, requiring a modulated continuous wave input field injected into a suitable optical fiber, followed by analysis of the temporal properties of the field as a function of propagation distance. Specifically, although the ideal Peregrine soliton exists only at one particular limiting value of the initial modulation frequency, its general characteristics can be seen over a much wider range. Although this greatly simplifies experimental design, proving conclusively the existence of the Peregrine soliton remains far from straightforward. In particular, the Peregrine soliton contains a phase dislocation where the envelope changes sign. Characterizing this change of sign requires measurement of both amplitude and phase structure of the field. However, a frequency-resolved optical gating setup adapted to measure pulses on finite background allowed the necessary measurements to be performed and permits quantitative comparison with simulations and theory. This results in the excellent agreement between experiment and theory (b, c). It is an unusual privilege to experimentally observe a fundamentally new class of soliton in nonlinear physics, and these results have provided an exciting impetus to the field. The Peregrine soliton has now been seen in two distinct classes of optical fiber, 3, 4 and the results have even motivated the successful search for similar structures in a hydrodynamic wave tank. 5 In a wider context, these results highlight the important role that experiments from optics can play in clarifying ideas from other domains of science. t
